It has often been postulated that cellular damage is the result of the action of soluble lysosomal hydrolases. Thus shortly after a period of anoxia there is structural dissolution and cell death associated with release of lysosomal enzymes from such tissues as those of liver or muscle. The lysosomes of nervous tissue appear to be much more stable (Clendenon et al. 1971) . For example, in wallerian degeneration (Hallpike & Adams 1969) there is some release of soluble lysosomal hydrolases but it is not until four days after peripheral nerve section that there is a marked increase in the activity of these destructive enzymes. This increase in lysosomal activity appears to be due to increased cell number (Schwann cells or macrophages) in the damaged nerve. The sequence of change in wallerian degeneration in the central nervous system, such as in the optic nerve following enucleation of the eye, is much slower (Bignami & Eng 1973) . Macrophages appear relatively late in the degenerated central tracts.
In experimental ischemia of rat or gerbil brain there is little immediate alteration in free lysosomal activity (Clendenon et al. 1971 ) even though cedema occurs within 15 min and mitochondrial fragmentation results in 1 h. In another study (McMartin et al. 1972) biochemical changes were not seen in the infarcted hemisphere until about 10 days after carotid ligation. At that time there is a very marked increase in acid cathepsin activity with slightly increased neutral proteinase and f-glucuronidase activity. The increased cathepsin activity was associated with the invasion of macrophages into the necrotic tissue. Isolated macro-phages have been found to have a high acid proteinase and phospholipase A activity. Extensive brain degeneration found in diseases such as subacute sclerosing panencephalitis is also probably related to inflammatory changes and increased lysosomal hydrolase activity (Ramsey et al. 1974) .
As a result there is considerable tissue destruction and accumulation of cholesteryl esters (Ramsey & Davison 1974) . Similarly cholesteryl esters are found in the sites of active demyelination in multiple sclerosis. Perivascular cuffing is found in many cases and it is thought that the destruction of myelin may be attributed to the action of cathepsins and phospholipases released from the infiltrating cells.
Slow Viral Infection in which Inflammatory Reaction is Minimal
In subacute spongioform encephalopathies (scrapie, kuru, Creutzfeldt-Jakob) histopathological change is characterized by vacuolization of neurones and gliosis. There is almost complete absence of any inflammatory reaction, yet the diseases are due to infectious agents of a virus type. Best characterized of this group is scrapie, now thought to be possibly a DNA-containing virus (Hunter et al. 1976 ). The action of this agent is associated as early as three weeks in the 18-week incubation period with depressed synthesis (Corp & Kimberlin 1977) of some species of polyadenylated-RNA (messenger RNA). After about nine weeks there is considerable increase in the activity of some lysosomal glycosidases but not acid phosphatase or p-galactosidase (Kimberlin 1973 , Millson & Bountiff 1973 . This increase in enzyme activity has been ascribed to the gliosis.
Elevated f%-glucuronidase activity has been demonstrated in experimental cuprizone encephalopathy of mice (Bowen et al. 1974) in which there was a subacute spongioform encephalopathy. At 4-5 weeks increases in f5-glucuronidase activity correlated with maximal astrocyte and microglial proliferation. In canine distemper, although some perivascular cuffs of lymphocytes are present in old lesions, highly significant increase in (-glucuronidase also relate to astrocytic scarring and the same enzyme is elevated in the CSF (McMartin et al. 1972) . Similar changes in lysosomal enzymes in apparently normal areas of white matter in acute cases of multiple sclerosis (Cuzner et al. 1976) have been related to early morphological changes seen in astrocytes, for there was no evidence of infiltrating cells. It appears that certain slow acting RNA-viruses (neurotropic C-type virus) may be responsible for visna, the disease of sheep, and for a neurological disease resembling motor neurone disease in mice (Viola et al. 1975) . These agents contain a 70S RNA genome containing polyadenylated tracts and RNA-instructed DNA polymerase (reverse transcriptase activity). The activity is localized in a cytoplasmic particle which could be sedimented with a buoyant density similar to that of a RNA tumour virus (1.16-1.18 g/ml). Viola et al. (1975) found evidence of RNA particles and reverse transcriptase activity in the brain of patients from the island of Guam where motor neurone disease and a form of parkinsonism-dementia is common. They did not find increased reverse transcriptase in the brain of patients with multiple sclerosis, subacute sclerosing panencephalitis (SSPE) or Creutzfeldt-Jakob disease. There is also considerable current interest (Oldstone et al. 1976 ) in the finding of increased levels of circulating immune complexes in several chronic neurological diseases (e.g. motor neurone disease, multiple sclerosis, SSPE).
Abiotrophies
These form a group of diseases in which there is a postulated failure in nerve cell metabolism of completely unknown cause. In Huntington's chorea and parkinsonism there are degenerative changes in the striatum and substantia nigra of the basal ganglia. The pathology was thought to be associated with selective changes in glutamate and DOPA-decarboxylase activities, but other transmitter synthesizing systems are now known to be also involved. There is the possibility, at least in senile dementia, of some changes in blood flow to the brain but this may well be secondary to a primary neuronal defect (Ingvar et al. 1975 ).
In experimental ischimia in baboons following ligation of the middle carotid artery (Strong et al. 1977 ) the loss of glutamate decarboxylase activity relates to deficits in blood flow to the hypoxic region of the brain (Goodhardt et al. 1977) . There is also a failure of the affected brain to take up the neurotransmitter gamma-aminobutyric acid (GABA). It would appear that choline acetyltransferase activity is little reducedsuggesting that cholinergic neurones are less susceptible to hypoxia. Reduced glutamate decarboxylase activity and reduction in a soluble protein (neuronin S-6) has been found in the brains of subjects dying with terminal bronchopneumonia (Bowen et al. 1976 ). Again the cholinergic system is less affected. Similarly in patients dying with coma due to illness (McGeer P L & McGeer 1976) there is no effect in acetylcholine esterase but some slight loss in choline acetyltransferase and 36 % loss of glutamate decarboxylase activity. Brain DOPAdecarboxylase and tyrosine hydroxylase activities were much more affected. Various areas are differently affected by coma (e.g. cortical glutamate decarboxylase and choline acetyltransferase activity are more reduced than the enzyme in the basal ganglia). These findings are of significance in the interpretation of data on post-mortem brain and also indicate possible selective changes in the activity of transmitter synthesizing enzymes in the hypoxic cortex. Following carotid ligation in the gerbil there is a 46 % reduction in dopamine concentration in the ischLmic hemisphere with less effect on noradrenaline concentration (Zervas et al. 1974 ) and a steady increase in GABA concentration (Lust et al. 1975) .
Changes in glutamate or GABA concentration, it has been suggested, may induce degenerative change in GABA-rich terminals. A model of this selective effect is provided by recent experiments using the glutamate analogue kainic acid (Coyle & Schwartz 1976 , McGeer E G & McGeer 1976 which binds strongly to striatal tissue (see Simon et al. 1976 ). Following injection of kainic acid into the striatum (but not elsewhere) there is reduction of striatal glutamate decarboxylase activity, GABA uptake and cholinergic neuronal activity. Dopaminergic neuronal activity seemed relatively unchanged. This may provide a model for Huntington's chorea, where the striato-nigral degeneration is accompanied by loss of glutamate decarboxylase activity and reduction in cholinergic neuronal markers (Bird & Iversen 1974 (Corsellis 1962 , Katzman 1976 ) whose brains are atrophied and contain an excess of senile morphological change (senile plaques, neurofibrillary degeneration and granulovascular change) in the cortex. Altered presynaptic axon terminals, presynaptic neurites associated with senile plaques and a decrease in the density of dendritic spines have also been described (for references see Bowen, Smith et al. 1976; Bowen, Smith, White, Goodhardt et al. 1977) . When this condition occurs before the age of 65 years it is known as presenile dementia or Alzheimer's disease; after this age it has been called senile dementia. Since there is no good reason on neurological grounds (Corsellis 1976) to maintain this distinction the term Alzheimer's disease is used irrespective of the patient's age.
Neuronal Loss
It is unclear whether or not Alzheimer's disease is a distinct disease entity or if it represents an exacerbation of normal ageing. Therefore, in an attempt to establish which neural element(s) is most affected in normal ageing brain and in Alzheimer's disease a number of potential biochemical indices of neurones, glia, axons and synapses have been measured. To reduce errors, due to either uneven sampling, cedema or water loss, and to allow for an estimate to be made of overall cellular change, aliquots of homogenates prepared from the entire temporal lobe were analysed. The results (Bowen, Smith, White, Flack et al. 1977; Bowen, Smith, White, Goodhardt et al. 1977) were expressed per lobe and normalized for lobe weight differences between the sexes. In the lobes from nondemented cases (which were also devoid of morphological abnormality) the markers of nerve cell processes, rather than those of total nerve or glial cell number, tend to decrease with advancing years. In contrast, in the lobes from the demented patients the results indicate that about half of the nerve cells had been lost. Since this estimate is based on agematched comparisons the neuronal loss can be considered as the disease related loss. These findings for normal and demented cases conform with conclusions drawn from morphological data (Colon 1973 , Scheibel & Scheibel 1975 .
Selective Vulnerability of Neurones
The concept of pathoclisis was introduced to explain the bilateral symmetry of the morphological changes in vulnerable regions or topistic units. Evidence for cellular pathoclisis (for references see Bowen & Davison 1977) or changes in the number or state of specific types of neurones in a topistic unit, has been obtained, for example, by measuring the concentration of putative neurotransmitters.
There are selective reductions in the concentrations of dopamine in the substantia nigra and gamma-aminobutyric acid (GABA) in the striatum in patients with idiopathic Parkinson's disease and Huntington's chorea, respectively, suggesting a defect in dopaminergic or GABAcontaining neurones. In Huntington's chorea the activity of glutamate decarboxylase (GAD) is selectively depleted in the topistic unit (striatum). It is surprising that in Parkinson's disease it is the activities of choline acetyltransferase (CAT) and GAD but not aromatic amino acid decarboxylase (AAD) activity that are significantly reduced in the topistic unit (substantia nigra) although the decarboxylase activity is reduced in parts of the basal ganglia (for references see Bowen & Davison 
